Abstract: Bipolar disorder is a prevalent disorder that tends to become progressive without treatment and with inadequate treatment. Second generation (atypical) antipsychotic drugs have increasingly been used as adjunctive treatment or monotherapy for mania, but they have the potential for significant adverse effects and their role in maintenance treatment remains unclear. Asenapine is a new atypical antipsychotic medication formulated in a sublingual preparation that has been studied for mania but not maintenance therapy. Evidence indicating efficacy, adverse effects, and potential benefits and drawbacks of using asenapine in the treatment of bipolar disorder based on currently available published data are summarized.
Management issues in bipolar disorder
Bipolar disorder is a chronic or recurrent condition characterized by episodes of depression alternating or mixed with mania or hypomania. Bipolar disorder is associated with more disability than cancer, epilepsy, and Alzheimer's disease. 1, 2 People with bipolar disorder have high rates of suicide, substance use, obesity, heart disease, smoking, and sedentary lifestyle, with consequent increased morbidity and mortality. 3 Between 20% and 28% of depressed patients taking antidepressants in primary care practices have repeatedly been found to have clear-cut bipolar disorder; the diagnosis is rarely made by the primary care physician [4] [5] [6] [7] [8] although morbidity and mortality are high. In 2009 the direct and indirect costs of bipolar I and bipolar II disorder were $30.7 and $120.3 billion, in USD respectively. 9 The combined prevalence of bipolar I (episodes of mania and hypomania) and bipolar II (hypomania only) disorder has generally been estimated to range roughly between 0.5% and 2%. [10] [11] [12] [13] [14] [15] However, a number of investigators have suggested that bipolar disorder comprises a larger spectrum of conditions associated with clinically significant morbidity. 16, 17 Subsyndromal or subthreshold forms of bipolar disorder include patients with hypomanic symptoms without sufficient duration, a sufficient number of symptoms, or enough obvious impairment, to qualify for a formal bipolar diagnosis. 18, 19 Including subthreshold syndromes increases the lifetime prevalence of bipolar disorders to somewhere between 4.4% and 6.4%. 2, 12 Although such syndromes appear to be attenuated, they have a high risk of suicide attempts, comorbidity with anxiety, impulse control and substance use disorders, and conversion to frank bipolar disorder, 20 as well as similar degrees of role impairment to bipolar I and II disorder.
Depression is the most common complaint of patients with bipolar mood disorders, and many of these patients are treated with antidepressants, which have not been found to be more effective than placebo for bipolar depression. 22, 23 Although the issue has been debated, antidepressants appear to have the potential to induce hypomania or mania and to increase the rate of recurrence of depression, especially if any residual hypomanic symptoms are present. 7, 23, 24 It is often more effective to stabilize mood (ie, to prevent further manic and depressive recurrences) than to continue antidepressant treatment for any particular depressive episode for too long.
This goal can be achieved with mood stabilizers, which are defined as treatments that both treat and prevent recurrences of mania and depression. 25 The gold standard mood stabilizer against which other treatments are compared is lithium, 25 which has advantages of once daily dosing and a clear correlation of serum level with clinical response. However, laboratory monitoring for hypothyroidism, hyperparathyroidism and possible nephropathy is necessary, and side effects such as weight gain, cognitive impairment, tremor and gastrointestinal side effects are often troublesome. Like carbamazepine, valproate has been thought to be more effective than lithium for rapid cycling, 26, 27 although some studies find lithium to be effective for this state. 28 Adverse effects of valproate that are particularly bothersome include weight gain, sedation, and polycystic ovarian syndrome. Carbamazepine is effective acutely and prophylactically for mania and can be useful for depression, especially in combination with lithium. [28] [29] [30] However, in addition to common side effects such as rash, ataxia, sedation and hyponatremia, the rare (2/525,000) risk of bone marrow suppression is daunting to some patients. Other anticonvulsants have been investigated as mood stabilizers but only lamotrigine is approved as maintenance therapy, and that medication appears more useful in the treatment of bipolar depression than mania. 31 All antipsychotic drugs that have been studied have been found to be effective for mania, [32] [33] [34] and atypical antipsychotic drugs have been promoted widely for maintenance therapy. However, randomized trials supporting this application have involved patients with uncomplicated mood disorders without the kind of comorbidity that is common in actual practice. 35 In addition, not many antipsychotic drugs have been studied for this indication, and adverse effects, especially with chronic treatment, are causes for concern. [36] [37] [38] [39] [40] [41] Like many illnesses, bipolar disorder evolves over time, with later episodes becoming more severe, complex and autonomous than earlier episodes. Increasing clinical complexity of bipolar disorder appears to be associated with increasing pathophysiologic complexity. Whereas a single mood stabilizer may be effective for less complicated forms of the illness, more complicated symptom pictures (eg, mixtures of depressive and hypomanic symptoms or rapid mood swings) may require combinations of treatments with different actions. [42] [43] [44] [45] [46] [47] Yet most clinical trials have been of monotherapy, with a few studies of addition of olanzapine, quetiapine, or ziprasidone to lithium or valproate in patients without comorbidity, complexity, or suicidality, [48] [49] [50] leaving trial and error as the primary method of finding the right combination treatment in more complicated clinical settings. New agents that may be more effective for complex presentations of bipolar disorder, those that have fewer interactions with other medications used for this condition, and agents that can treat bipolar depression without destabilizing the mood disorder are therefore urgently needed. This review considers whether asenapine presents any advantages.
Review of pharmacology, mode of action, and pharmacokinetics of asenapine
Asenapine, the ninth atypical antipsychotic agent to be released in the USA, 51 is approved in the USA for the acute monotherapy or adjunctive treatment of manic and mixed episodes and schizophrenia. 52 Pharmacologically, it is a dibenzo-oxepino pyrrole drug with mixed serotonin (5-HT)-dopamine (D) antagonist activity. It exhibits high affinity for 5-HT1B, 5-HT2A, 5-HT2B, 5-HT2C, 5-HT5-7, D1-4, histamine 1 (H1), alpha1-and alpha2-adrenergic receptors; it has moderate affinity for H2 receptors but no significant affinity for cholinergic muscarinic receptors; it is also a 5-HT1A partial agonist. 53 Dopamine D2 receptor blockade has been considered necessary for treatment of psychosis, but blockade of serotonin 5-HT2A receptors and effects on glutaminergic, GABAergic, and nicotinic cholinergic neurotransmission have also been implicated in the mechanisms of action of antipsychotic drugs, as have alterations in cell signaling and gene expression. 54 In contrast to the first generation antipsychotic drugs (neuroleptics), second generation (atypical) antipsychotic drugs such as asenapine are characterized by less D2 and greater 5-HT2 antagonism, with reduced but not absent neurological side effects and no greater effectiveness. 55 Asenapine is only available as a sublingual, rapidly dissolving formulation that exposes the drug only to salivary enzymes and bypasses first pass metabolism. 53, 56 Asenapine absorption is rapid from the oral cavity into the submit your manuscript | www.dovepress.com Dovepress Dovepress mucosal tissue. Dissolved drug in the oral cavity reaches equilibrium with the mucosal membrane within minutes, with slower movement out of mucosal tissue into the systemic circulation. Bioavailability is 35% with sublingual administration but ,2% if asenapine is ingested; because absorption is also decreased in the presence of food or liquid, oral intake must be avoided for 10 minutes after taking the medication. At doses above the saturation solubility, bioavailability becomes dependent on the distribution equilibrium and also on contact time in the mouth. 57 Compared with the sublingual route, asenapine exposure is 24% higher with buccal and supralingual administration administration. 58 However, the latter routes convey a risk of tooth decay.
Time to peak plasma concentration is 0.5-1.5 hours. The volume of distribution is around 20-25 L/kg, with 95% protein binding. Metabolism is by oxidation via cytochrome (CYP450) 1A2, followed by glucuronidation by UGT1A4. 53 Terminal elimination half-life is approximately 24 hours. Nevertheless, dosing is usually twice daily.
Efficacy studies
In two identically designed, industry-sponsored, multicenter, 3-week, double-blind controlled trials, 488 patients (mean age 39 years) with a manic or mixed episode were randomly assigned to asenapine (mean dose 18 mg/day), olanzapine (mean dose 16 mg/day), or placebo. [59] [60] [61] Significantly fewer subjects discontinued olanzapine than asenapine or placebo. Both active medications produced significantly greater reductions in Young Mania Rating Scale (YMRS) scores than placebo (least squares mean YMRS decrease at 3 weeks 10.8 with asenapine (effect size 0.45), 12.6 with olanzapine (effect size 0.70), 5.5 with placebo). A 9-week blinded extension of the two acute studies 59, 62 continued 504 patients on asenapine or olanzapine, while placebo patients were given asenapine and included only in a safety analysis. At the end of the extension, asenapine was noninferior to olanzapine for YMRS scores. Adverse effects were similar except for more weight gain with olanzapine.
A series of 11 consecutively admitted manic inpatients (mean age 68 years) were openly treated for 4 weeks with asenapine monotherapy (mean dose 20 mg/day). 63 There was a significant decrease in mean YMRS scores (−21.4) by the end of the trial. The greatest improvement was in "motor activity-energy" and "thought content," items, consistent with an antipsychotic and sedative effect.
In another industry-sponsored and conducted, multicenter randomized trial, 64 326 patients with a manic or mixed episode of 3 months or less duration taking lithium and/or valproate for at least 2 weeks were assigned in a blinded manner to addition of asenapine (mean dose, 12-13 mg/day) or placebo; 204 were treated for 3 weeks, 116 were treated for 3 months, and 77 enrolled in and 34 completed a one-year extension. 64 About half of patients received adjunctive lorazepam and around 38% had an adjunctive hypnotic. Least squares mean reduction in YMRS scores was significantly greater with asenapine than placebo at week 3 (10.3 versus 7.9) and week 12 (12.7 versus 9.3), with small effect sizes (0.24 and 0.33, respectively). There was no difference in YMRS score changes between addition of asenapine and placebo at the end of the extension.
Safety and tolerability
Of the 308 patients who completed the 9-week trial mentioned earlier, 218 were enrolled in and 133 completed an extension for another 40 weeks to examine longer-term safety and tolerability. 65 Adverse events occurring twice as frequently with asenapine as placebo, and in .10% of subjects, included depression, dizziness, nausea, parkinsonism, tremor, and constipation. The number needed to harm for clinically significant weight gain with asenapine was 7. Adverse events occurring at least 5% of the time and twice as common with asenapine than placebo in the controlled add-on trial included sedation, depression, irritability, oral hypoesthesia, dyskinesia, and weight gain. 64 In the published trial of elderly manic patients, adverse effects included a rash in one patient, peripheral edema in one patient, and oversedation in three patients. 63 In a systematic review and exploratory meta-analysis of studies in schizophrenia or bipolar disorder of asenapine, iloperidone, lurasidone, and paliperidone, 66 asenapine was found to be statistically significantly more likely than placebo to be associated with a 7% or greater weight gain in short-term trials (5 trials, n = 1360, relative risk [RR] = 4.09, 95% confidence interval [CI] 2.25, 7.43, number needed to harm [NNH] = 17). A clinically small but statistically significant increase in glucose levels (−3.95 mg/dL) was also reported during short-term treatment. Increased total cholesterol was statistically significantly more likely than placebo during long-term treatment with asenapine, but the increase was small (+6.53 mg/dL).
In the treatment of schizophrenia, common adverse events (with frequency of occurrence) of asenapine include somnolence (13% to 24%), insomnia (6% to 16%), extrapyramidal symptoms (6% to 12%), headache (12%), akathisia (4% to 11%; dose related), dizziness (3% to 11%), hypertriglyceridemia (13% to 15%), increased glucose (5% to 7%), increased cholesterol (8% to 9%), increased appetite (#4%), weight submit your manuscript | www.dovepress.com Dovepress Dovepress gain (2% to 15%), constipation (4% to 7%), vomiting (4% to 7%), sialorrhea (#4%), increased creatine kinase (6% to 11%), peripheral edema (3%), hypertension (2% to 3%), mouth hypoesthesia (4% to 7%), xerostomia (1% to 3%), toothache (3%), abdominal discomfort (3%), abnormal taste (3%), prolactinemia (2% to 3%), arthralgias (3%), fatigue (3% to 4%), anxiety (4%), depression (2%), irritability (1% to 2%), and extremity pain (2%). 54 In addition, in postmarketing experience a few cases have been reported of severe hypersensitivity reactions, bradycardia, dysarthria, glossodynia, hyponatremia, neuroleptic malignant syndrome, thrombocytopenia, QTc prolongation and neutropenia. 54 No dosage adjustment is necessary for patients with mild to moderate hepatic impairment; 53 however, asenapine is not recommended for patients with severe hepatic impairment. 67 Asenapine is a substrate for CYP1A2, and inhibitors of this enzyme such as fluvoxamine may increase the asenapine AUC. Asenapine weakly inhibits CYP2D6, which has resulted in increased exposure to concomitant paroxetine but not desipramine.
53

Patient focused perspectives
Few data are available about quality of life and patient satisfaction with the use of asenapine in bipolar disorder. Sublingual administration is appealing to patients who have difficulty swallowing pills, especially older patients and children. However, twice daily dosing, the need to avoid food and liquids for at least 10 minutes before and after administration, and low bioavailability if the tablet is swallowed increase the likelihood of nonadherence and improper administration. 68 Nonadherence by inpatients who are observed taking the medication can be easy if the patients swallow it instead of keeping it under their tongues.
Conclusions and place in therapy
Like other atypical antipsychotic drugs, asenapine antagonizes D2 and 5-HT2 receptors. This combination of actions may reduce extrapyramidal side effects, although a large nonindustry sponsored study found no meaningful difference between a neuroleptic and other atypical antipsychotics. 55 Weight gain and oversedation are somewhat less frequent than with other medications in this class, whereas oral side effects such as hypoesthesia, a bad taste, and xerostomia are more common. Although it has been suggested that the additional receptor actions of asenapine might make it more effective for some psychotic symptoms such as hallucinations, there is no empirical support for this contention and asenapine does not appear to be any more (or less) effective than other atypical antipsychotics. All of the experimental data on therapeutic effects of asenapine are for mania. There is as yet insufficient evidence that this or any other antipsychotic drug has a primary role in maintenance therapy of nonpsychotic bipolar disorder.
The sublingual formulation of asenapine could be appealing to a group of patients who have difficulty swallowing pills, and it could be an early choice for some elderly patients. However, even though the pivotal trials enrolled acutely manic patients, its usefulness is limited in severely ill patients who are too agitated to be able to keep the medication in their mouths without swallowing it, even if they would be able to swallow a pill.
Atypical antipsychotic drugs may be useful as adjuncts in the maintenance therapy of bipolar disorder, but there is insufficient research to determine the precise role of this class of medication in maintenance treatment of nonpsychotic patients. To the extent that these medications can be helpful, the choice of asenapine would be dictated by the unique aspects of its administration rather than any demonstrated inherent properties of the drug. There are not enough data to indicate any preferential role of asenapine in the long-term treatment of bipolar disorder.
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